Introduction
Adi ponectin, a polypeptide hormone produced exclusively by adipocytes, has been suggested to play a major role in the development of type 2 diabetes and its associated pathological events by sensitizing insulin and improving lipid metabolism. 1 Low adiponectin levels have been reported to be closely associated with hyperinsulinemia, type 2 diabetes, obesity, metabolic syndrome, atherosclerosis, and dyslipidemia. 1, 2 Gender differences in adiponectin levels have also been reported. 2 Several epidemiological studies suggest that high adiponectin appears to be protective against the development of type 2 diabetes and atherosclerosis. [3] [4] [5] In addition, it has been reported that adiponectin has an anti-inflammatory effect and its concentration is associated negatively with the degree of inflammatory markers, such as high sensitivity C-reactive protein (hsCRP), interleukin-6, and tumor necrosis factor-α. 1 A study from Trinidad demonstrated that adiponectin levels were lower in type 2 diabetic subjects than in nondiabetic subjects but there was no correlation between adiponectin levels and inflammatory markers. 6 However, the majority of these studies were done in individuals with normal glucose tolerance (NGT) or in those with diagnosed type 2 diabetes. The relationship between adiponectin and impaired glucose tolerance (IGT) is not clear. Impaired glucose tolerance is a term used to differentiate individuals with a high risk for developing diabetes and is an intermediate stage between NGT and overt diabetic subjects. 7 In India, the incidence of IGT was 13.1/1000 person-year; about 40% of these patients go on to develop type 2 diabetes within 8 years. 8 We investigated the association between adiponectin and IGT and the relationship between adiponectin and risk factors for cardiovascular diseases (CVD) in subjects with IGT.
Research Design and Methods

Human Subjects
Data for this study were from the Chennai Urban Rural Epidemiology Study (CURES), an epidemiological study conducted in Chennai (formerly Madras), the fourth largest city in India with a population of five million people. CURES was done in three phases and has been described in detail elsewhere. 9 Briefly, a doorto-door survey of 26,001 individuals (age ≥20 years at the time of study entry) who represented the urban and rural Indian population was conducted in phase 1.
Subjects completed a questionnaire that collected information on demographic, socioeconomic, behavioral, and health status. In addition, fasting capillary blood glucose, blood pressure, and basic anthropometric data were obtained in all subjects. 9 In a random sample of 2600 of these subjects (of whom 2350 responded; a response rate of 90.4%), measures of biochemical parameters, obesity and anthropometric indices, and markers of diabetes-associated complications (atherosclerosis and eye disorders) were obtained.
In phases 2 and 3, detailed demographic and socioeconomic information, including age, gender, educational status, family income, and smoking status, were obtained. Anthropometric measurements and biochemical tests were performed. Phase 2 subjects (excluding known diabetic subjects) and all subjects in phase 3 received a 2-hour oral glucose tolerance test using a 75-gram oral glucose load. Plasma adiponectin levels were determined in a subgroup of subjects from phases 2 and 3. Data from subjects with NGT (n = 571) and confirmed IGT (n = 167) were analyzed for this study. Institutional ethical committee approval was obtained from the Madras Diabetes Research Foundation ethical committee, and written informed consent was obtained from all study subjects.
Anthropometric Measurements
Subjects' height, weight, waist and hip circumferences, and blood pressure were measured using standardized methods. 8 Body mass index (BMI) was calculated as weight (kg)/height (m 2 ).
Biochemical Parameters
Methods to determine biochemical parameters were introduced previously. 2 Concentrations of fasting plasma glucose (using glucose oxidase-peroxidase method), serum cholesterol (using cholesterol oxidase-peroxidaseamidopyrine method), serum triglycerides (using glycerol phosphate oxidase-peroxidase-amidopyrine method), and high-density lipoprotein (HDL) cholesterol (using polyethylene glycol-pretreated enzyme method) were determined on a Hitachi-912 autoanalyzer (Hitachi, Germany) using kits supplied by Roche Diagnostics (Basel, Switzerland). Low-density lipoprotein (LDL) cholesterol was estimated using the Friedewald formula. The intra-and interassay coefficients of variation for the biochemical assays ranged between 3.1 and 7.6%.
Serum insulin (Dako, Glostrup, Denmark) concentrations were measured by an enzyme-linked immunosorbent assay. The intra-and the interassay coefficients of variation for the insulin assay were 5.7 and 8.9%, respectively. The lowest detection limit of insulin assay was 0.5 µU/ml. The degree of insulin resistance was calculated using homeostasis model assessment-insulin resistance [HOMA-IR = fasting insulin (µIU/ml) × fasting plasma glucose (mg/dl)/405]. 10 Glycated hemoglobin (HbA1c) was measured by a Variant machine (Bio-Rad, Hercules, CA). The intra-and interassay coefficients of variation of HbA1c were both <10%.
Measurement of hsCRP and Adiponectin
The plasma concentrations of hsCRP were measured by a highly sensitive nephelometric assay using a monoclonal antibody to CRP coated on polystyrene beads (Dade Behring, Marburg, Germany). The intra-and the interassay coefficients of variation for hsCRP were 4.2 and 6.8%, respectively, and the lower detection limit was 0.17 mg/liter.
Fasting adiponectin levels were measured using a radioimmunoassay (Cat. No. HADP-61HK, Linco Research, St. Charles, MO). The intra-and the interassay coefficients of variation were 3.8 and 7.4%, respectively, and the lower detection limit was 1 ng/ml.
Definitions
Impaired glucose tolerance was defined as a fasting plasma glucose level of <126 mg/dl, and the 2-hour postplasma glucose level was 140-199 mg/dl. 11
Statistics
Data were analyzed using SPSS version 16.0 (Chicago, IL). Values of adiponectin, fasting insulin, HOMA-IR, and triglyceride were log transformed to achieve normality. Because it is possible that adiponectin may function differently between males and females, 12 analyses were stratified by gender. Student t-tests (for continuous variables) and χ 2 tests (for categorical variables) were used to compare differences between subjects with NGT and IGT. Multiple logistic regression analysis was used to determine the relationship between adiponectin and IGT, adjusting for demographic characteristics, lipid profile, and glycemic indices. Spearman's correlation and partial correlation tests were performed to examine the relationship between adiponectin and risk factors for CVD in prediabetic males and females. P values less than 0.05 were considered statistically significant. Table 1 shows clinical and biochemical characteristics of the study groups. Subjects with IGT were older (p < 0.05) compared to subjects with NGT in both males and females. Waist circumference, BMI, systolic and diastolic blood pressure, HOMA-IR, fasting insulin, HbA1c, serum cholesterol, serum triglycerides, and LDL cholesterol were significantly higher among subjects with IGT compared to subjects with NGT (p < 0.05) in both males and females. hsCRP levels were significantly higher in prediabetic females (4.0 ± 2.6 mg/liter; p < 0.05) compared to NGT subjects (3.0 ± 3.1 mg/liter). Among prediabetic males, hsCRP levels were higher but did not reach statistical significance. The log adiponectin values in subjects with IGT were similar to those who were normoglycemic in both males and females.
Results
The relationship between adiponectin and risk factors for CVD was then examined by gender. Among total subjects (subjects with both NGT and IGT), adiponectin was correlated positively with age and HDL cholesterol and negatively with BMI, waist circumference, triglyceride, fasting and postload 2-hour postplasma glucose, fasting insulin, HOMA-IR, HbA1c, and hsCRP (data not shown). However, in subjects with IGT, adiponectin was not correlated with any anthropometric or biochemical parameters, except a negative relationship with 2-hour postplasma glucose levels in female subjects (r = -0.274, p < 0.001) ( Table 2 ) (Figure 1) . This relationship remained statistically significant after being adjusted for demographic and clinical indices (r = -0.243, p < 0.05). In addition, after adjustments, adiponectin became significantly associated negatively with hsCRP levels in females (r = -0.219, p < 0.05). In prediabetic males, adiponectin was not associated with any CVD risk factors. Table 3 shows the association between adiponectin and IGT using multivariate logistic regression analyses. In unadjusted models, adiponectin was associated negatively with IGT in females [odds ratio (OR): 0.93, 95% confidence interval (CI): 0.887-0.988, p = 0.016] but not in males. After adjusting for demographic and clinical factors, adiponectin remained associated negatively with IGT in females (OR = 0.93, 95% CI: 0.872-0.991, p = 0.026). Moreover, in addition to adiponectin, factors associated with IGT included age (β = 0.04, OR = 1.041, 95% CI: 1.016-1.066), fasting insulin (β = 0.055, OR = 1.056, 95% CI: 1.018-1.096), and HOMA-IR (β = 0.299, OR = 1.349, 95% CI: 1.151-1.582) scores in females and age The hsCRP was determined in a subgroup of subjects (n = 94 and 98 in female NGT and IGT, respectively; n = 64 and 37 in males NGT and IGT, respectively). 
Table 2. Partial Correlation between Adiponectin and Anthropometric and Biochemical Parameters in IGT
Discussion
Our study showed that adiponectin in Asian Indian women is associated negatively with IGT, 2-hour postplasma glucose, and hsCRP levels. However, no association with any CVD risk factors was observed in male IGT.
Literature suggests that adiponectin may play a role in glucose metabolism. 1 Low adiponectin levels are frequently reported in type 2 diabetes and metabolic syndrome in different ethnic groups. 2, [13] [14] [15] [16] Adiponectin levels are improved after the administration of insulin-sensitizing agents, such as thiazolidinedione and pioglitazone. 17, 18 Compared to subjects with normal fasting glucose, Yaturu and colleagues 19 found that adiponectin levels were low in prediabetic subjects and were lower in those with concomitant coronary artery diseases. In our study, log-transformed adiponectin values were similar between IGT and NGT subjects. However, in logistic regression analyses, adiponectin was associated negatively and independently with IGT. Each microgram per milliliter of increase in adiponectin concentration was associated with a 7% decrease in IGT risk in females (p = 0.026) and 6% in males (p = 0.078). This was similar to the observation of Spranger and associates 4 in subjects who developed diabetes 2-3 years later, suggesting that adiponectin may be a marker for the progression of glucose intolerance in early prediabetic stages. 20 Similar to previous findings, 1 we found associations between adiponectin and age, BMI, waist circumference, triglyceride, HDL cholesterol, fasting and postload 2-hour postplasma glucose, fasting insulin, HOMA-IR, and HbA1c levels in all the nondiabetic subjects. However, these associations were not found in prediabetic subjects, except that adiponectin was associated negatively and independently with 2-hour postplasma glucose levels in females. It is unclear why adiponectin was not correlated to other demographic and biomedical indices in our IGT subjects. In the Western New York Health Study, Donahue and colleagues 12 found that women who developed IGT from normoglycemia after a 6-year follow-up had lower adiponectin levels at baseline compared to females who did not develop IGT. In addition, a greater level of endothelial dysfunction was observed in female prediabetic subjects compared to males. 12 Therefore, it is reasonable to postulate that the pathological changes following abnormal glucose metabolism may be different between females and males, although this is purely speculative.
In addition to its insulin-sensitizing effect, adiponectin has been shown to have anti-inflammatory properties. 1 It has been suggested that chronic inflammation is one of the contributing factors of glucose intolerance, type 2 diabetes, and associated CVD, possibly related to compromised insulin sensitivity, hyperglycemia, and dyslipidemia. 21 In subjects with abnormal glucose metabolism, negative associations have been observed between adiponectin and inflammatory biomarkers independent of glycemic indices and lipid profile. 22, 23 Consistent with such findings, data from the current study found that females with IGT had elevated hsCRP levels compared to those with normal glucose tolerance. In addition, adiponectin was related negatively to hsCRP levels in females with IGT after controlling for lipid profile and glycemic indices, suggesting the anti-inflammatory effect of adiponectin in females.
One of the limitations of the study is that being a cross-sectional design, we were unable to demonstrate a cause-and-effect relationship between adiponectin and glucose intolerance. However, the strength of the study is that it is a large population-based sample in Asian Indians who have a high prevalence of premature coronary artery disease.
In summary, our study suggests that adiponectin is associated with IGT in Asian Indian females and not in males.
